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THE EFFECT OF SUBSTITUTED NAPHTHALENES ON THE
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Although the effects of highly chlorinated naphthalene compounds on the
pilosebaceous apparatus of man have been observed repeatedly since Herxheimer
described chloracne, few reports of experimental production of the syndrome
in man have been available until recently (1, 6, 10). Suskind (10) in a series of
studies in 1954 produced definite changes in the forearm skin after 10 days of
topical application of 20 per cent Halo\vax 1014t in Plastibaset. Histologically,
beginning about the fourth or fifth day, there was evidence of follicular re-
action without appreciable effect on sebaceous glands. In studying the responses
of the pilosebaceous structure of the rabbit's ear canal skin (5), it was observed
that definite stimulation of the follicular wall and sebaceous gland duct epithe-
hum with striking diminution of sebaceous glands occurred within five to seven
days following daily topical application of 3 per cent Halowax 1014 in acetone.
Regrowth of normal sebaceous glands occurred following discontinuance of the
applications.
The purposes of the present study were: 1) to produce lesions in man and rab-
bit similar to those of chloracne by topical application of Halowax 1014 or of
relatively pure, simple chlorinated naphthalene compounds; 2) to attempt pro-
duction of similar effects in rabbit and man by topical application of other sub-
stituted naphthalene compounds, especially those containing the halides in
alpha or beta position; 3) to study microanatomically the pathogenesis of this
effect on the pilosebaceous apparatus by means of serial section and whole mount
technics; and 4) to determine experimentally the effect of various agents on
this reaction to the highly chlorinated naphthalene.
MATERIALS AND METHODS
General—The substituted naphthalene compounds and control materials in
acetone, listed in Table I, were applied to the skin of the rabbit and man. The
first concentration listed contains chlorine or other halide radical approximately
equal by weight to that of chlorine in a 3 per cent Halowax 1014-acetone or hex-
achloronaphthalene solution. The second strength listed gives a concentration
of chlorine equivalent to that present in 20 per cent Halowax or hexachloronaph-
thalene solution.
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TABLE I
Substituted Naphthalene Compounds in Acetune Control Compounds in Acetone
Halowax 1014—3% Naphthalene 3%, 20%
Hexachloronapthalene—3% Selenium sulfide—3%
Dichloronaphthalene—4',%, 29% Tale—3%
Alpha ehloronaphthalene—9%, 59%
Alpha iodonaphthalene—4%, 23%
Alpha bromonaphthalene—5%, 33%
Beta bromonaphthalene—5%, 33%
Alpha fiuoronaphthalene—15%
Beta fiuoronaphthalene—15%
Alpha naphthyl acetate—6%, 40%
Rabbit—Adult albino male animals were used, the ear canal skin having been exposed
by previous surgery (5). Following wax-epilation seven days previously, one cubic centi-
meter amounts of the solutions were applied daily for five applications with a dropping
pipette. The opposite ear served as a control. Specimens of skin obtained by punch biopsy
were examined as serial sections or whole mounts. The latter were prepared by stripping the
skin from the underlying cartilage followed by clearing in glycerin; these were studied
unstained with direct light or darkfield microscopy.
Testosterone propionate 10 mg., estradiol benzoate 6 mg., or cortisone acetate 25 mg.
every other day for ten injections was administered to three different groups each composed
of four castrate rabbits. The control group received peanut oil. Five days after institution
of hormonal therapy and seven days after wax epilation of the right ear only, topical appli-
cation of 3 per cent Halowax 1014-acetone solution to both ears was begun. Vitamin A
palmitatet 200,000 units daily for twenty days was administered intramuscularly to six
rabbits beginning seven days prior to topical application of the Halowax solution.
Human—Six Caucasian and four Negro, young adult male volunteers without evidence
of acne vulgaris and without coarse body hair over the trunk served as subjects. The com-
pounds listed were applied daily in two cubic centimeter amounts with a pipette to sites on
the posterior trunk measuring approximately 3 by 3 inches. Following drying of the acetone
solutions, the sites were covered with muslin held in place by adhesive tape at the margins
in order to prevent contamination from adjacent sites. Topical application of Halowax
1014 or hexachloronaphthalene was continued daily for a minimum of 6 weeks to a maximum
of 12 weeks. All other compounds were applied for 6 weeks. Specimens of skin, obtained by
punch or surgical excision on the fist day, third day, fifth day or at weekly intervals were
used to prepare serial sections or whole mounts. The latter were obtained by incubation of
a fresh specimen in 0.1 per cent collagenase solution with resultant separation of the epider-
mis and its appendages, followed by clearing in glycerin (4). Control areas were studied
similarly.
Beginning one week prior to daily topical application of 3 per cent Halowax 1014-acetone
solution, vitamin A palmitate 200,000 units was administered intramuscularly daily for a
four-weeks period to four subjects whose skin in earlier experiments had been reactive to
Halowax.
RESULTS
Rabbit—The reaction produced by a mixture of penta- and hexachioronaph-
thalenes (Halowax 1014) topically applied to the rabbit's ear canal skin con-
sisted of mild dermatitis with striking follicular accentuation within 5 to 7 days
following initial application. Microscopically, thickening of the epidermis, pro-
* Supplied by Hoffman-LaRoche Inc., Nutley, New Jersey.
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Fin. 1. Response of rabbit's ear canal skin following topical application of hexachloro
naphthalene. A. Canal of control ear treatod five days with 3% naphthalene in acetone. B.
Ear canal treated five days with 3% hexachloronaphthaleue in acetone showing slight der-
matitis and follicular accentuation. C. Whole mount of skin from A above showing normal
pilosebaceous structures, unstained, darkfield, X 20. D. Whole mount of skin fron ear of
animal shown in B above showing diminution in sebaceous structures, unstained, dark-
field, X 20.
liferation of the epithelium of the follicles and sebaceous gland ducts, diminution
of the sebaceous gland acini and dermal thickening were evident. Prolonged ap-
plication of a 3 per cent solution produced hyperkeratosis resulting in comedo-
like masses with practically total disappearance of sebaceous glands. Gradual
recovery of the epidermis and the pilosebaceous apparatus occurred following
discontinuance of the applications. In control animals treated with naphthalene,
talc or selenium sulfide these changes did not occur.
Following application of a 3 per cent hexachloronaphthalene acetone solution,
an effect similar morphologically and histologically to that following Halowax
occurred; sebaccous gland tissue decreased nnd follicular and sebaceous gland
duct epithelium proliferated rapidly (Fig. 1 A, B, C, D). Large nests of epidermal
cells encasing the few remaining sebaceous gland cells were present at sites nor-
mally occupied by large sebaceous gland acini (Fig. 2 A, B).
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FIG. 2. A. Vertical section of skin from ear canal of rabbit treated with 3% hexachloro-
naphthalene five days showing proliferation of follicular and sebaceous gland duct epithe-
hum with a diminution of sebaceous gland acioi and cells, H. & F., X 90. B. Area outlined
in A above showing only a few mature, lipid-laden sebaceous gland cells surrounded by the
proliferating squamous cells, X 420. C. Section of skin from rabbit's ear canal 24 hours
after one application of 29% dichloronaphthalene in acetone. A severe inflammatory re-
sponse is present with normal-appearing sebaceous gland ncini remaining. H. & E., 1< 66.
½,
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With regard to the reaction pattern produced by the chlorinated naphthalenes,
the time of response, severity of the reaction grossly, or the histopathologic
changes seen in skin containing growing hair follicles did not differ from those
in skin containing resting follicles. Prior vitamin A administration failed to pre-
vent or lessen the reaction. Similarly, in castrate male animals large doses of
testosterone propionate, estradiol benzoate, or cortisone acetate did not influence
the reaction.
Relatively pure compounds of alpha chloronaphthalene, 9 per cent in acetone,
or dichloronaphthalene, 4 per cent, produced very slight erythema without
follicular accentuation. Histologically, a minimal inflammation without evidence
of decrease in sebaceous gland tissue was present. If the concentrations of the
two substances were increased to 57 per cent and 29 per cent respectively, a se-
vere primary-irritant dermatitis resulted within twenty-four hours following a
single application. Histologically, a severe inflammatory process was evident
without sebaceous gland decrease, lysis or necrosis (Fig. 2 C). Whole mounts
failed to show any diminution in sebaceous gland acini, comparable to that seen
following Halowax.
Naphthalenic compounds containing acetate or halides other than chlorine
in concentrations roughly comparable to that of chlorine in a 3per cent Halowax
solution were tested. The reaction pattern to Halowax did not occur. With the
greater concentration listed, a severe dermatitis without sebaceous gland de-
crease resulted. Histologically, no evidence other than that of acute dermatitis
was present. Similarly, attempts to show differences in response of the skin to
alpha and beta forms of the halide-naphthalenic compounds were not revealing.
Human—The pilosebaceous apparatus in the test site consisted of one or two
vellus hairs accompanied frequently by a smaller vellus hair follicle (lanugo);
a difference in vellus hair follicle size was readily appreciated in whole mount
specimens. Histologic evidence of change in these structures preceded gross
changes by 5 to 7 days. On the first and third days of Halowax application, no
detectable changes were noted. At 5 days early involvement in several follicles
was appreciated; the epidermal cells of the outer root-sheath forming the wall
of the proximal portion of the infundibulum and the sebaceous gland duct epithe-
hum of the larger vellus follicles appeared to be increased in number (Fig. 3 A,
B and 5 A, B). The wall of the infundibulum adjacent to the epidermis proper
did not show a hyperplastic response. Many of the lanugo follicles showed a sim-
ilar hyperplasia of the entire infundibular wall throughout its course. The in-
volved follicles were usually growing (anagen) or transitional (catagen) in their
developmental stage. In addition, an early decrease in the number of lipid-laden
cells within the sebaceous gland acini of involved follicles was occurring (Fig.
5 B). Within a few acini peripherally an increased number of squamous type cells
was present. These latter cells were continuous with the epithelium of the seba-
ceous gland duct and contained no lipid. In the center of such acini normal ap-
pearing, lipid-laden sabaceous cells were present (Fig. 3 A, B). Within the pen-
folhicular dermis some edema and a slight round cell infiltrate were present,
oftentimes localized about the sebaceous gland or the proximal part of the funnel.
At 10 days gross evidence of follicular involvement without erythema became
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FIG. 3. Early response of human sebaceous gland acini to 3% highly chlorinated naphtha-
lenes (Halowax 1014) in acetone. A. Fifth day of application, vertical section through
pilosebaceous structure showing increased number of undifferentiated squamous cells at
periphery of the acini, H. & E., X 220. B. Area outlined in A above showing prickle or squa-
mous morphology of cells in the periphery of the ncinus, X 1300. C. Fourteenth day of ap-
plication, proliferation of squamous cells, parakeratosis, beginning dilatation of the infun-
dibulum and comedo formation with loss of sebaceous gland acini are evident, H. & E.,
X 60. D. Area outlined in C above showing squamous cell proliferation and only two fully-
developed sebaceous gland cells at site where a sebaceous gland acinus normally occurs,
>< 820.
apparent in several subjects; by the end of 2 weeks all of the snbj ects showed
follicular accentuation except one who showed his first response grossly at the
end of the third week. With the skin microscope prominence of the follicles was
visualized with one or two or more hairs emerging from each site. Perifollicular
swelling accounted for this early accentuation in large part as there was no vis-
ible abnormality within the follicular orifice per se. (Fig. 4A) Histologically
however, the involved follicles showed early dilatation of the infundibulum prox-
imally with an increase in the thickness of the outer root sheath forming its walls.
The sebaceous gland duct walls were thickened and merged with the infundib-
ular wall. Hyperplasia of the epidermal cells with incomplete keratinization was
manifest by a thick parakeratotic cell layer surrounding a mass of keratinized
epidermal cells which was beginning to fill the infundibulum proximally. Al-
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FIG. 4. Progression of gross changes following daily topical application of 3% Halowax
1014 or hexachloronaphthalcnc. A. At 10 to 14 days the first changes consisting of perifollic-
ular edema without comedo formation are seen, X 3. B. Same area as A above, 4 weeks show-
ing definite comedo formation, X 6. C. Same site during ninth week of application showing
large comedones and a few pustules, X 3. D. Higher magnification of C above showing one
or two comedones at all follicular sites, X 14.
though no necrosis nor iysis of sebaceous gland cells was present and normal ap-
pearing acini were still present, definite dimunition in the sebaceous glands, both
in number of cells and size of the acini, was evident in the involved follicle. (Fig.
3 B, C, D).
Grossly during the third to the fifth weeks small comedones appeared (Fig.
4 B). Histologically only a few follicles persisted uninvolved. Almost all the
smaller vellus follicles showed diffuse thickening of the outer root-sheath and
s3baceous gland acini were absent. In the large follicle the dilatation of the fun-
nel or infundibulum had become pronounced inferiorly (proximally) and was
filled with a comedo composed of many layers of keratinized cells and sebum (Fig.
5 C, D, 6 A). Sebaceous glands were practically absent except for an occasional
snall acinus composed of few cells. Resting stage hairs (telogen) were usually
found within the keratiu mass. Oftentimes, a hair in the growing stage (anagen)
I.-
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Fie. 5. Early microscopic changes in the pilosebaeeous apparatus of man following appli-
cation of 3% Halowax 1014. A. Section through human skin on fifth day showing an unin-
volved and an involved pilosebaeeous structure, H. & E., X 27. B. Higher magnification of
involved follicle shown in A above, X 75. Hyperplasia of the outer root sheath (infundibular
wall) and sebaceous gland duet epithelium is evident with early loss of sebaeeous gland
tissue. C. At three weeks definite eomedo formation in a double hair follicle has occurred;
the distal outer root sheath epithelium and the epidermis proper appear normal but hyper-
plasia of the proximal outer root sheath and sebaeeous gland duet epithelium is occurring,
X 56. D. Hair follicle at three weeks showing hyperplasia of the sebaceous gland duet and
proximal outer root sheath cells with resultant parakeratosis, loss of sebaceous gland
acini, and distension of the proximal part of the infundibulum with a keratin-lipid mass
(eomedo), X 105.
was present at the base of the dilated infundibulum. Two follicles joiniug to form
a common orifice uuderwcnt the same process, but usually \vere in varying stages
of development with regard to the Halowax reaction.
From the sixth to the twelfth week, large comedones were present in all fol-
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Fm. 6. Whole mount specimens of human skin and pilosebaceous apparatus following
application of highly chlorinated naphthalenes. A. At 4 weeks the various configurations of
the funnel or infondibnlum (I) are apparent resulting from dilatation either proximal only
or evenly throughout. Small "lanugo" follicle (L) resembles a cone as its funnel walls are
evenly thickened throughout. Unstained, X 25. B. A hair follicle showing only proximal
dilatation of the infundibulum or funnel with outpouchings at sites of sebaceous gland acini
darkfield, X 34. Contrast with D below. C. Two follicles similar to B above but in a more
advanced stage of dilatation and distension proximally, darkfield, X 17. D. A follicle in
which the infundibulum (I) dilated evenly throughout its course to the epidermis proper
(E), represeuting the usual type of involvement seen. A small sebaceous gland acinus
(S.C.) remains and a growing hair (H) is present at the proximal end of the funnel. Dark-
field, )< 34.
licular sites from which only a few hairs were emerging; a slight scaling of the
skin had appeared (Fig. 4 C, D). Pustules occurred rarely and were either deep
within the dermis producing a gross swelling in which the comedo was visible
centrally, or superficial in which the comedo became insignificant grossly. His-
tologically, practically all follicles were reacting to the chlorinated naphthalene.
The configuation of the dilated infundibulum of the involved large vellus folli-
cle varied greatly (Fig. 6, 7). Apparently, the earliest and maximum dilatation
occurred proximally and in some follicles progressed uniformly outward to the
epidermis proper. This resulted in funnels either columnar in shape with a reg-
a ;&g aLe:
Fin. 7. Late microscopic changes following application of chlorinated naphthalenes. A.
At 10 weeks, follicle with uniform dilatation of the infnndibulum with its thin wall present-
ing a large comedo externally as seen in Figure 4 1). H. & E., X 23. B. Similar to A above
but two follicles joining to form a single comedo. Note the absence of sebaceous glands,
)< 23. C. Two follicles of different size, the small "lanugo" on the right without comedo-for-
mation and the larger vellus follicle with proximal dilatation progressing upward to the
junction with the epidermis proper, but not presenting a large comedo externally. A grow-
ing hair is present, X 23. D. Superficial pustule forming in an involved follicle at 12 weeks,
>< 23. E. Early deep pustule formation (P) at 12 weeks. Two hair follicles (F) show comedo
formation resembling in this section keratin cysts but on serial sectioning their connection
with the epidermis proper is retained, X 23.
ular diameter throughout (Fig. 6 D) or bottle-shaped with dilatation proximal
(Fig. 6 B, C); outpouchings at points where the sebaceous gland acini existed
originally were present. Oftentimes, no differentiation between the epithelium
of the infundibulum and that of the sebaceous gland ducts was perceptible but
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a relatively thin, keratinizing cell layer formed the walls of the dilated funnel
throughout. (Fig. 7). Sebaceous gland acini were absent although occasionally
a few fully-developed cells remained attached at the periphery of the dilated
follicle. All stages of the hair cycle were evident in the involved follicles with
many being in anagen. No isolated keratin cyst formation resulting from a loss
of continuity of the follicle with the epidermis proper occurred (Fig. 7 E). The
character and amount of lymphocytic infiltrate present did not differ greatly
from that of earlier lesions. Perifollicular edema of the dermis and an actual in-
crease in the dermal thickness due to an increase in collagen were apparent.
Usually, pustule formation did not occur in follicles in which a columnar dii-
tation of the funnel throughout its course to the skin surface had resulted but
was present in follicles with proximal dilatation only. As indicated grossly, two
levels of pustule formation were apparent. The superficial type presented col-
lections of leukocytes within the funnel or infundibulum and its wall just beneath
the epidermis proper with small abscesses forming (Fig. 7 D). The greater part
of the large comedo-filled funnel remained undisturbed beneath the level of ab-
scess formation. In deep pustule formation the earliest changes were those of
thinning of the outer root-sheath at a point deep within the dermis (Fig. 7 E).
Rupture eventually occurred with extrusion of the keratin-lipid mass into the
dermis, followed by a foreign-body type of reaction. These pustules oftentimes
communicated with each other forming a carbuncle-like pattern. On healing de-
pressed scars of irregular outline resulted from this process.
In the four subjects tested, vitamin A therapy begun prior to topical appli-
cation of Halowax 1014 solution did not prevent the development of the fore-
going reaction pattern. The time of onset, the clinical appearance and progression
of the reaction were not altered. The histology of the effect remained unchanged.
The 3 per cent hexachloronaphthalene solution produced in four individuals
tested an identical reaction pattern to that produced by Halowax 1014, clini-
cally and histologically. Alpha or dichloro naphthalene, in either strength, failed
to produce any effect after six weeks of daily application. Similarly the other
halide-substituted naphthalene compounds did not produce any clinical or his-
tological evidence of disturbance. No irritation dermatitis occurred. Alpha naph-
thyl acetate in 40 % concentration did produce a superficial follicular irritation
without comedo formation grossly or histologically at six weeks. The control
substances, naphthalene, selenium sulfide and talc did not produce any detect-
able reaction.
DISCUSSION
The fact that sebaceous glands of man and the rabbit's ear canal skin decrease
in size or become totally absent following topical application of highly chlorinated
naphthalene has been clearly observed in this study. Recently similar results
have been recorded by Braun (1) using 30 per cent industrial chlorinated naph-
thalene in lanoliii. In addition, Kligman and Shelly (6) using 50 per cent Halo-
wax 1014 in mineral oil have produced in man acueform eruptions with a pustular
component. Several possibilities with regard to the pathogenesis of this effect
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are worthy of consideration. Chemical necrosis or lysis of sebaceous gland cells
seems unlikely since in rabbit experiments no effect on the glands was detectable
when high concentrations of alpha or dichloronaphthalene were applied pro-
ducing an acute, severe inflammation. No support exists for this pathogenesis
histologically in the early specimens of the human experiments. A second pos-
sibility is that moderate concentrations of the highly chlorinated naphthalenes
which are relatively insoluble serve as a constant stimulant of the epithelium
of the external root sheath and sebaceous gland ducts. As a result differentiation
of the epithelium into squamous cells without apparent further differentiation
into sebaceous cells proceeds rapidly. Therefore, once the sebaceous cells already
formed have served their holocrine role no replacement for them becomes avail-
able. Much support for this appears in both the rabbit and human material.
Eisen, Holyoke and Lobitz (2) found that controlled injury of the superficial
portion of the pilosebaceous apparatus of man results in a temporary proliferative
response in the epithelium of the sebaceous gland duct and the proximal root
sheath. Once the defect was repaired the response ceased. In the response to
chlorinated naphthalenes, the same anatomical site is active and the continued
presence of a stimulus may account for the over-reaction that occurs. A third
possibility is that the disappearance of sebaceous cells results from pressure
atrophy secondary to comedo formation, a commonly-quoted explanation for
the loss of sebaceous glands in acne vulgaris; that this is not tenable becomes
apparent when the rapidity with which sebaceous gland tissue decreases in the
involved follicles is comprehended.
The failure to find an increased reactivity of growing hair follicles in the rab-
bit's skin is difficult to reconcile with the observation that in man the earliest
involvement was usually seen in the growing or transitional follicle. However,
the quantity of chlorinated naphthalene entering the follicular structure of the
rabbit's ear canal skin was probably enormous since many of the sebaceous gland
acini have independent ducts opening directly on the surface of the skin. In man,
probably only moderate amounts entered the follicle. In man the increased met-
abolic processes already occurring in the growing follicle at the matrix of the
bulb may have been shifted to the site of stimulation or irritation occurring at
the external root sheath and sebaceous gland duct junction level.
The histopathology of the reaction produced by highly chlorinated naphtha-
lene in acetone agrees essentially with that described by Braun (1). In the pres-
ent experiments, the possible role of lanolin or petroleum as a vehicle in contrib-
uting to the pathogenesis of the reaction has been eliminated since acetone
served as the vehicle throughout. The various contours or shapes that the
infundibulum or funnel assumes with its contained-comedo is of importance in
dertermining the later developments of the pattern as pustule formation was
not seen in follicles in which the funnel was evenly dilated throughout and filled
with large gross comedones but was present in follicles in which there was prox-
imal dilatation with a narrow, distal funnel. Although cyst formation, a regular
finding in chloraene (8, 9), might appear to be frequent in isolated sections, late
in the reaction, true cysts were not seen in serial sections; apparent "cysts" were
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found to retain an attachment with the epidermis proper by means of the outer
root sheath epithelium of the infundibulum.
The failure to block the reaction in man and rabbit by previous vitamin A
therapy is evidence against this syndrome being the result of local interference
with or depletion of vitamin A. In animals fed small amounts of these substances
vitamin levels decrease promptly and a syndrome "hyperkeratosis" or
disease" results (3, 11). In this connection it is interesting that a beta naphtha-
lene compound has been isolated in vitamin A-deficient rats and may be
a responsible factor in the production of hyperkeratosis of this deficiency syn-
drome (7). The reaction to the highly chlorinated compounds in the rabbit was
not influenced by testosterone, estrogen or cortisone; accentuation of the follic-
ular hyperkeratosis, protection of sebaceous glands by testosterone or
diminution of sebaceous glands due to estrogen or cortisone did not occur al-
though theoretically such effects might have been expected.
CONCLU5ION AND SUMMARY
1. The effect of Halowax 1014 or one of its components, hexachloronaphthalene
following topical application on the pilosebaceous structure of rabbit and man
appears to be a specific one. The fact that this effect occurred only following the
foregoing and did not occur when large concentrations of simple chlorinnted
naphthalene compounds containing comparable amounts of chlorine were applied
remains unexplained.
2. The effect consists of stimulation of the epithelium of the outer root sheath
and sebaceous gland ducts and a diminution of sebaceous gland tissue to a striking
degree. Distension and dilatation of the follicular infundibulum to various de-
grees and shapes by the resultant keratin mass (comedo) follows. Pustule f or-
mation, superficial or deep, was an uncommon late sequel.
3. Evidence that the sebaceous gland loss is not dependent on lysis or necrosis
of the cells but on a lack of ability of the cells of the outer root sheath, sebaceous
gland duct and acinus to further differentiate into sebaceous cells has been pre-
sented.
4. Other halide-substituted naphthalene compounds tested were not capable of
producing a similar reaction in rabbit or man. In high concentrations these
compounds resulted in inflammation without follicular accentuation or sebaceous
gland loss in the skin of the rabbit's ear; no reaction occurred in the skin of man.
5. Administration of vitamin A in high dosage to man or rabbit preceding
topical application of highly chlorinated naphthalene did not result in any
amelioration of the effect. In the rabbit, testosterone did not result in any accen-
tuation of follicular hyperkeratosis or lessening of sebaceous gland diminution.
Likewise, estrogen or cortisone failed to influence the reaction pattern.
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DISCTJSSION
DR. RAYMONDR. SU5K1ND (Cincinnati, Ohio): I would like to thank Dr. Ham-
brick for this wonderful presentation and wish to comment briefly by comparing
some of the results of our investigations with his.
There appears to be a wide variation in pilosebaceous response to aenegenie
materials such as the chlorinated naphthalenes. The intensity and severity of
the reaction depend, I believe, upon several factors. They are: 1) concentration
of material, 2) duration of application, 3) the acnegenieity of the specific com-
pound, and 4) individual susceptibility. We are also working with acnegens which
produce only the mildest changes and without destruction of sebaceous glands
even when applied for as long as six weeks. Certain subjects, such as females in
the older age group, appear to respond only weakly, or not at all, to even high
concentrations of Halowax 1014 applied over a long period. Subjects who have
no visible hair or active follicles in the application site, do not develop the lesions
of induced localized acne. I believe that the degree of sebaceous gland
destruction, as well as follicular hyperkeratosis and cyst formation, depend upon
the aenegenicity of the compound and the duration of exposure. Individual sus-
ceptibility is also a factor. With Halowax 1014 we have observed subjects with
no sebaceous gland destruction at all and others in which sebaceous gland damage
was severe.
I would like to ask Dr. Hambrick a question which is perhaps a bit unfair but
one which, I am sure, he has given some thought. Would he venture to compare
the cutaneous alterations observed following the application of an aenegen
like Halowax 1014, with those of acne vulgaris?
DR. STEPHEN ROTHMAN (Chicago, Ill.): These findings are very intriguing.
If these chemicals inhibit differentiation of epithelial cells into sebaceous glands
there must be some specific enzymic inhibition. Is anything known on the effect
of these halogen compounds on enzymic inhibition? Dr. Suskind mentioned
lesser reactivity in older persons. Dr. Sulzberger pointed out that persons over
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forty years of age hardly ever develop acneform eruptions after administration
of cortisone. It seems that after the acne age is over, the pilosebaceous apparatus,
and particularly the follicular epithelium, has become relatively non-reactive.
DE. GEORGE W. HAMBRICK, JR. (in closing): I wish to thank Drs. Suskind
and Rothman for their comments. In answer to Dr. Suskind, I do not think
these findings have established a relationship to the pathogenesis of acne vul-
garis. This study has demonstrated the progression of morphologic changes in
lesions of chloracne. I would doubt that changes occurring in acne vulgaris
lesions are identical. Certainly the response of the sebaceous gland in experi-
mentally induced chloracne is opposite to its response in acne vulgaris, since
hypertrophy of the sebaceous gland is an important feature of the early acne
vulgaris lesion.
With regard to specific enzyme inhibition, no studies have been performed in
our laboratory along these lines and I know of no references in the literature.
